Identification of redox-active Cys by homology to selenoproteins
To identify Cys-containing homologs of selenoproteins, PSI-blast (4) was used to analyze various collections of protein sequences with the following parameters: expectation value, 10; expectation value for multipass model, 0.1; and number of iterations, 3. This procedure was also used to verify Cys/Sec pairs in homologous sequences (see below). The set of selenoproteins used in this search was compiled manually based on our prior experience with selenoproteome analyses (5) (6) (7) (8) (9) (10) (11) (12) (13) .
Identification of Cys/Sec pairs
As selenoproteins are incorrectly annotated in sequence databases (mostly due to misannotation of Sec-encoding UGA codons), nucleotide sequence databases were used as the source of potential selenoprotein sequences for identification of Cys/Sec pairs. Environmental, nonredundant nucleotide, shotgun, EST and genomic sequences were translated in 6 frames and analyzed with tblastn against the set of proteins that contained Cys residues. The tblastn output was automatically analyzed using in-house Perl scripts to identify proteins, in which Cys aligned with candidate Sec. Redundancy was eliminated by filtering protein gi-numbers across the taxonomy database. Sequences from the same organism, which exhibited more then 98% identity, were considered identical. Using this procedure, we filtered out multiple DNA sequences, which corresponded to the same protein sequence in the same organism. This procedure also allowed us to divide the proteins into major phyletic groups represented in the NCBI taxonomy database. RPS-Blast (4) against the NCBI database of conserved domains was then used to classify proteins into protein families.
All hits were clustered in pairwise alignments and tested for presence of eukaryotic, bacterial and archaeal SECIS elements using SECISearch tools (12) . To exclude sequence errors, we only selected protein families, which were represented by at least three Cys/Sec pairs corresponding to the same location in the alignment. Families with 1 or 2 Cys/Sec pairs were selected only if a high-scoring SECIS element could be identified in the candidate selenoprotein sequence. For environmental sequences, identification of bacterial, archaeal and eukaryotic SECIS elements also allowed us to classify selenoprotein sequences into bacterial, archaeal and eukaryotic sequences. For each selected group of aligned Cys/Sec pairs, the corresponding nucleotide sequences were analyzed in the remaining five open reading frames to exclude the possibility that the correct ORF was in a different reading frame. Sequence alignments were prepared using ClustalW and T-Coffee. Conserved residues were highlighted with BoxShade v3.21.
Statistical analysis of redox-active Cys neighborhoods
Twenty random chosen representative sequences from 27 protein families shown in Table S1 were extracted. The analysis was limited to families of proteins with more then ten amino acids on each side of the redox active Cys/Sec. The 21-amino acid sequences were aligned based on the location of Sec or Cys in the middle and frequencies of amino acids were calculated as the number of times a particular amino acid was observed in each position divided by the total number of proteins in the set.
The secondary structure context of redox-active Cys was estimated for all selected proteins and separately for a subset of non-thioredoxin fold proteins. Secondary structures were first predicted with PSI Pred (14) and then the 21-amino acid sequences with Cys in the middle were extracted. Frequencies of secondary structures were calculated as the number of times alpha helixes, beta strands and loops were present in each position divided by the total number of proteins in set.
AdoMet-dependent methyltransferase
Mouse AS3MT structure was modeled with Modeler8v2 (15) based on the structure of mRNA cap (Guanine-n7) methyltransferase (PDB 1ri1). Mouse AS3MT cDNA was prepared from total mouse RNA using random primers and reverse transcription and subsequent amplification with the following primers: 5'-agatcgtgacatatggctgcttcccgagacgctg-3' and 5'-gcgctggccctcgagctagcagtttttcctcttgccacagcag-3'. The product was ligated into the NdeI/XhoI sites of pET15b. The following primers were used for site-directed mutagenesis: Cys157Ser, 5'-atgatattgtcatatccaactctgttatcaaccttgttcct-3' and 5'-aggaacaaggttgataacagagttggatatgacaatatcat-3'; and Cys207Ser, 5'-agttttatggggggaatccctgggaggcgctctg-3' and 5'-cagagcgcctcccagggattccccccataaaactttg-3'. Wild type AS3MT protein and Cys to Ser mutants were purified by His-tag affinity chromatography using Talon resin (Clontech) according to the manufacturers' protocol. Recombinant proteins were more than 85% pure based on SDS PAGE analysis. 
Activity of AS3MT and its Cys-to-Ser mutants

Additional predicted thiol-based oxidoreductases not discussed in the main text of the article
Hypothetical protein 1. This protein family includes proteins of unknown function and the Cys/Sec pair was formed with proteins detected in environmental genome sequences (Fig. S16) . Hypothetical protein 1 is represented by only two Cys-containing sequences and dominantly exists in the Sec-containing form. Hypothetical protein 1 shows no similarity to proteins with known function. A structural alignment shows low similarity to 3-dehydroquinate dehydratase (PDB 1GQO), which catalyzes dehydration of 3-dehydroquinate to 3-dehydroshikimate in the third step of the shikimate pathway; however, the low level of similarity and the absence of Cys in appropriate dehydroquinate dehydratase positions preclude further functional assignment.
Hypothetical protein 1 appears to be abundant in marine bacteria.
Hypothetical protein 2.
Phosphodiesterase homologs catalyze the hydrolysis of ribonucleotides, deoxyribonucleotides, and UDP sugars to nucleosides which are then transported into cells. A major function of this periplasmic protein is to salvage nucleotides which can be used as energy or carbon sources. We detected an N-terminal extension in a subset of bacterial proteins of this family (Fig. S17) . The N-terminal region contained a CxC motif in which the second Cys was replaced with Sec in 28 environmental sequences. The presence of the N-terminal domain suggests a new function associated with a redox reaction involving an unidentified nucleotide/nucleoside. Regardless of the fact that the identified protein exhibits high sequence similarity to phosphodiesterase, its natural function is likely to be unrelated to polynucleotide hydrolysis; however, it might be linked to a new type of nucleotide modification.
Hypothetical protein 3. This protein shows sequence and structural similarity with a periplasmic vitamin B12 binding protein which functions in a complex with transporter BtuCD and to a periplasmic Fe 3+ transport component FhuD of ferric enterobactin transport system which delivers ferrichrome from outer membrane FhuA complex to the cytoplasmic membrane FhuB transport system. A small group of bacterial proteins in this family contains an N-terminal CxxC motif (Fig. S18 ) which is replaced with the CxxU motif in two environmental bacterial sequences. We hypothesize that the CxxC/U motif-containing proteins evolved from metal transporter proteins and could function in transporting an unidentified compound or metal by acting as an oxidoreductase. One possible function is the reduction of Fe 3+ to Fe 2+ . A C-terminal Glutamic and aspartic acids were not found in positions -3, +1 and -3, -1, +1, +2, respectively, in any identified proteins. Gly was found to be enriched in the positions flanking the redox-active Cys. Most other residues were found to be distributed uniformly.
Legends to supporting figures
Fig. S21
. Secondary structure context of redox-active Cys. a) Secondary structure context was determined for ten residues upstream and 10 residues downstream of the predicted redoxactive Cys in the 10-protein sets representing 27 protein families. b) Secondary structure context was determined for 17 non-thioredoxin fold protein families, each represented by 10 proteins. In each case, a beta-strand was the predominant secondary structure element upstream of Cys, an alpha-helix was predominantly downstream of Cys, whereas the Cys itself was most often found in the loop. 
